The paper presents results of research concerning operating of fi ve small wastewater treatment plants working in two different technologies: hydrobotanical wastewater treatment plant and constructed wetland. Each object was designed for the treatment of domestic sewage after preliminary mechanical treatment in a septic tank. Hydrobotanical wastewater treatment plants and one of constructed wetland beds were built for treating sewage produced in educational institutions and resort. In the article attention is paid to possibility of exceeding the maximum allowable concentration of pollutants for three main indicators of pollution: BOD 5 , COD, and total suspension. The reduction of these indices is required by the Regulation of the Minister of Environment [14] for wastewater treatment plants with PE < 2000. In addition, the paper presents the effects of wastewater treatment to reduce biogens. The best quality of outfl ow was reached by outfl ows from constructed wetland treatment plants. None of the observed objects fulfi lled the requirements in terms of allowable concentrations for total suspension. The most effective were objects operating in technology of "constructed wetland".
INTRODUCTION
The National Programme for Municipal Waste Water Treatment (KPOŚK) is one of the legal acts regulating sewage management within Polish communes [6] . In accordance with the accession agreement, the national authorities assume responsibility of abating pollutant load discharged into environment along with waste effl uents. In accordance with the dates presented in the National Program for Municipal Waste Water Treatment, individual agglomerations should be equipped with a central sewerage and a collective sewage treatment plant. It is a well-known fact that the communes will have problems with meeting deadlines for the construction of sewage treatment plants. Failure to meet the deadline involves an increase of fees for sewage discharge into environment [16] .
The areas without a central sewerage are chiefl y rural areas which have not been entered into the agglomeration limits. In accordance with the National Program for Municipal Waste Water Treatment, the problem of sewage utilisation over such areas ought to be solved individually. A growing awareness of inhabitants of such areas brings about a growth in interest in household and local sewage treatment plants. The employment of the most straightforward variant of sewage treatment, which is based on a multi-chamber septic tank, is not suffi cient any more. Increasingly, the more effective utilisation solutions of small amounts of sewage are being searched. In the case of small sewage treatment plants, irrespective of a type of a receiving body (surface running water or ground), the Ordinance of the Minister of Environment [14] determines required allowable concentration of the three basic pollution indicators BOD 5 , COD and total suspended solids (TSS). In majority of cases, the reduction required by the Ordinance has already been achieved in so-called septic tanks.
Reduction of the concentration of biogenic compounds within sewage discharged into the environment is not legally required for sewage treatment plant < 2000 RLM [14] . Due to a growing number of new objects installed in different locations (e.g. terrain of valuable landscape), technologies assuring high reduction effi ciency of nitrogen and phosphorus compounds [15, 19] ought to be employed.
Increasingly, hydrobotanical sewage treatment plants have become more popular forms installed in rural areas without central sewage [13, 17] . The solutions based on employment of environment, which is close to the natural one, are installed for single buildings and their clusters. Employment of that type of solutions is independent of soil environment. Sewage purifi cation takes place in a specially prepared fi lling [5, 9] . In majority of cases, the purifi cation process is closed in special containers which causes that location of such sewage treatment plant is independent of a depth of lying groundwater table and type of soil. Furthermore, in the case of hydroponic sewage treatment plants, the surface occupied by the object is small [9, 10] .
Sewage purifi cation in co-operation with ground and plant environment is a relatively new technology. The fi rst hydrophyte solutions were applied broadly over 40 years ago. The general functioning principles of such objects consist in taking up of effl uents by microorganisms which generate a bacterial jelly of effl uents. Next, the effl uents are released along with sewage into special bed [11] . Formulation of existing hydroponic systems was the result of a long-standing research work on root beds. As a result, a hydroponic object often described as "living machines" came into existence [8] .
The hydroponic sewage treatment plants were employed in Europe until 1987 [2] . A sewage treatment plant called Biopax in Paczków is one of the fi rst of such major solutions in Poland.
In the paper, the three objects working in hydroponic technology and two beds created as "constructed wetland" are compared with reference to the effects of purifi cation and maximum allowable pollutant concentration determined in the Ordinance of the Minister of Environment [14] .
MATERIALS AND METHODS
The research was conducted in three objects intended for a year-long purifi cation of residential sewage generated in educational institutions located within Lower Silesia in localities such as Płoski, Ślubów, Irządze and in two objects working as "constructed wetland". The sewage purifi ed in hydroponic sewage treatment plants was discharged into surface waters feeding river basins of the River Barycz. The construction site of a sewage treatment plant was dictated by an additional educational utilization of the objects. The realisation of the objects was executed owing to the project entitled "Biodiversity Protection and Conservation of the Barycz Valley" conducted by "pro Natura", the Polish Society of Wildlife Friends in co-operation with the Lower Silesian Foundation for Eco-Development. The resources to fi nance the project came from the Global Environmental Facility GEF.
The sewage treatment plants employed to purify domestic wastewater operate in hydroponic system technology. They are constructed as concentric circular trenches with the depth and diameter 2.0 m. The plastic profi les with addition of LECA were used to fi ll the bed. On such fulfi llment macrophytes were planted. The sewage movement in the ditches is forced by sewage pumps. The technology employed allowed to avoid common problems appearing in such types of sewage treatment plants, among other things, clogging up and a low resistance to frost. Furthermore, a merit of such type of solutions is a small surface required, which enables to localise the objects on small plots ( Fig. 1) . According to Polish legislation, objects of such type ought to meet concentration levels required for three basic pollution indicators, that is, BOD 5 , COD Cr and total suspended solids when surface running water or ground is a receiving body of sewage [14] .
The research conducted in sewage treatment plants aimed at determining changes within concentration of purifi ed effl uent run-off for selected pollution indicators as well as determining the effectiveness of treatment for eutrophic indicators such as total nitrogen and phosphorus.
After a preliminary mechanical purifi cation in the septic tank, effl uent samples and samples of purifi ed effl uent were taken on average once a month in the period from March 2010 -March 2011.
The analyses of effl uent composition were carried out in accordance with binding norms. Effi ciency of purifi cation of the analysed pollution indicators was labeled and was compared with maximum allowable pollutant concentration determined in Polish legislation.
The "constructed wetland" beds, which were located in Paszków and Mroczeń, purifi ed domestic wastewater coming from an adjoining holiday resort and a primary school. The ground and plant beds, which were planted with reeds, worked in a mixed system. A biological part of the sewage treatment plant in Mroczeń was designed as a two-part piston-powered bed (planted with willows and reeds) [12] . In both cases, after a mechanical purifi cation the effl uents were discharged into adjoining streams. After a mechanical purifi cation and on the run-off the effl uent samples were taken in the period from December 2009 -December 2010 (Paszków) and from January 2003 -January 2005 (Mroczeń). A characterisation of basic parameters is shown in Table 1 .
RESULTS AND DISCUSION
The research of effl uent composition infl owing into the object sewage treatment plants (Table 2) revealed that the concentrations of examined indicators were included within a very wide scope, and the average values for those indicators, which came from the whole research period, considerably diverged from each other. When analysing the research results of effl uent composition running off from septic tanks in the context of requirements imposed on purifi ed effl uents [14] , one may state that in the case of pollutant concentration above the average value, they do not fulfi ll the requirements imposed on purifi ed effl uents. This indicates that domestic wastewater running off from pre-sedimentation (septic) tanks ought to be pretreated biologically.
The effl uents of the highest pollutant concentration fl owed into the object 5 ( Table 2 ). The effl uents of the lowest pollutant concentration were purifi ed in the object 2. High pollutant concentration of effl uents, which are subject to purifi cation, may cause reduction of work effi ciency of the objects in winter.
In accordance with the Ordinance of the Minister of Environment [14] , small sewage treatment plants on the run-off are obliged to meet the requirements regarding the maximum allowable concentration for the three parameters (BOD 5 , COD and total suspended solids). Considerably lenient requirements, which are posed on household sewage treatment plants, bring about a growing popularity of such household sewage treatment plants. Both the hydrobotanical and constructed wetland objects are more often constructed within terrain of valuable landscape due to their aesthetics and simplicity to incorporate into the surrounding landscape. Therefore, on account of environmental protection and a possible receiving body, more attention ought to be paid to reduction of biogenic substances in small treatment plants. An average physicochemical composition of effl uents running off from the observed objects is presented in Table 3 . The effl uents, which were discharged into the receiving body installed in the object 3, were distinguished by higher concentration values of BOD 5 , COD Cr , total suspended solids and Total Nitrogen. This was the result of a too short storage of effl uents in the tank. In the case of technology employed in the sewage treatment plant no. 3 the pump, which fed effl uents into bed, worked at short breaks and pumped the inaccurately purifi ed effl uents.
The lowest values of the basic pollution indicators were obtained in the sewage treatment plant no. 4. The employment of a constructed wetland technology and the increase in active bed surface, which took part in purifi cation, was refl ected in lower concentration of biogenic substances observed on the run-off from the object no. 5. An average pollutant concentration on the run-off from the sewage treatment plant and maximum allowable concentration for both the oxygen and the biogenic indicators in the event when the purifi ed effl uents would be discharged into stagnant waters are shown in Figure 2 .
According to average value of COD, for each analyzed objects it can be noticed that limited concentrations of COD presented in the Ordinance did not exceed the limits. However, for the entire research period, in the monitored COD values only object no. 1 (hydrobotanical) and no. 4 (reed-bed) showed no limits exceeding. Sewage treatment plants operating in natural environment are mainly used to reduce pollutions expressed by oxygen indices [17] . For two hydrobotanical objects limited BOD5 values were exceeded (Fig. 2) . The problem for both types of sewage treatment plants is to reduce the suspensions. Exceeding of suspension limits was recorded in more than 50% of the analyzed samples. The highest percentage was characteristic of outfl ows from sewage treatment plant in Mroczen. In the case of the constructed wetland sewage treatment plant, this might have been caused by a sewage treatment plant overloading (object no. 5) or a long-lasting (a twenty-year old) operation (object no. 4). In the case of hydroponic objects, the location of the sewage treatment plant in the vicinity of trees might have contributed to a secondary pollution of the run-off. Much less effective were removed biogens from hydrobotanical objects in relation to reed-bed sewage treatment plants. For each of these objects exceeding of limited total nitrogen concentrations was observed. Only the object An average sewage treatment plant performance was determined when comparing the parameters of effl uents infl owing into the sewage treatment plant and the ones released into the receiving body For the hydrobiological objects, an decrease of BOD 5 effi ciency was observed in January (objects in Płoski and Ślubów) and in the spring and summer season (Płoski).
Sewage treatment plants with reeds planting, were characterized by small ranges of BOD5 reduction. The lower results of objects operating were noticed in the spring months (March, April for the both constructed wetlands) and in the summer (object in Mroczen). Hydrobotanical sewage treatment plants showed no seasonal dependence for treatment effi ciency for COD. The object in Ślubów achieved the highest decrease of effectiveness in June-October, than in January, while for the object in Płoski the low reduction was observed only in March. Both treatment plants operating in the technology of "constructed wetland" responded by decrease of the effectiveness of work in January. Regardless of the technology, reduction of suspension was the most important problem for each of the sewage treatment plants. There was no trend in the effective operation for suspension reduction. The lowest reduction levels were observed in the spring and summer period as well as in the winter. The average reduction levels for suspension were in the range 21,4−60,9% and were lower than those achieved for the same index in similar objects [7, 20, 21] . The higher results compared to those obtained, were also observed for BOD 5 and COD in similar objects in Poland as well as in the world [1, 3, 4, 18] . For each sewage treatment plants total nitrogen and phosphorus were removed with the lowest treatment effi ciency in the spring month (March and April). In the following months, a steady increase of treatment effi ciency was observed, until the next reduction in October. Hydroponic technologies (objects no. 1 and 2), during the research period, were characterized by varying levels of pollutions reduction (Table 4) . For object no. 2 there was also observed an outfl ow with higher concentrations of total nitrogen and phosphorus than in the infl ow. The results of nutrient reduction were different than the effects of reduction for this index in similar objects [4, 11, 22, 23] . Such low levels of nutrients reduction for hydroponic sewage treatment plants could also be result of long breaks in pumps work supplying wastewater to the beds. The constructed wetland was characterized by higher treatment effi ciency for biogens. The highest reduction effects were observed for object no. 5 in Mroczen. Taking into consideration the number of allowable exceeds of pollutants in treated sewage in relation to the number of samples that cannot fulfi ll the Ordinance, the objects no. 1 and no. 3 (hydroponic systems) do not fulfi ll the Ordinance for BOD 5 , no. 3 for COD Cr , and all analyzed objects for suspension. If the treated sewage were discharged to the stagnant water, the objects in Płoski, Ślubów, Irządze would not fulfi ll the Ordinance for total phosphorus and total nitrogen.
CONCLUSIONS
Based on the research conducted, the following conclusions were formulated: 1. The observed hydroponic objects and constructed wetlands treated in the normal operation did not fulfi ll the requirements according to [14] . 2. The lowest treatment effi ciency was observed in objects operating as hydroponic systems. Regardless of the location of sewage treatment plant the exceeding of limited values of BOD 5 and COD was noticed. 3. If the receiver of treated wastewater were stagnant water (lakes and infl ows) the constructed wetland would not fulfi ll requirements for total nitrogen and total phosphorus. 4. The results of studies concerning sewage treatment effi ciency for fi ve analyzed hydroponic objects and constructed wetland operating in normal condition differ from those reported in the literature. Generally, the treatment effi ciency for oxygen indexes and for total nitrogen and phosphorus was lower than that reported in the literature.
